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D44 is a family of transmembrane glycoproteins that have been implicated in cell-cell adhesion and cellmatrix adhesion, cell migration, and tumour metastasis. [1] [2] [3] These molecules are also known to be involved in cell trafficking, lymphocyte homing, wound healing, and apoptosis. [4] [5] [6] [7] In malignant diseases, such as ovarian cancer 8 9 and colorectal cancer, 10 11 aberrant expression has been shown to be associated with metastasis and worse prognosis. In breast cancers, CD44 expression had been shown to be downregulated during malignant transformation. 12 Most previous studies on breast cancer concentrated on the prognostic implication of CD44 regulatory changes, [13] [14] [15] [16] with some authors demonstrating a correlation with hormonal receptor status. 13 ''Because morphological differentiation between benign and malignant mammary papillary lesions can be very difficult, the potential role of CD44 staining warrants further investigation'' A correlation with metastatic potential has been shown by some, 17 but not others. 16 Some investigators have also found that CD44 expression is more prominent in infiltrating lobular carcinoma than infiltrating ductal carcinoma, 18 and that the expression varied between different histological groups of the lobular type. 19 Recently, it has been reported that CD44 is a useful marker in differentiating between benign and malignant papillary lesions of the breast 20 because the expression of CD44 was significantly higher in normal breast epithelium and intraduct papilloma than in papillary carcinoma. Because morphological differentiation between benign and malignant mammary papillary lesions can be very difficult, the potential role of CD44 staining warrants further investigation. In our study, a large series of papillary lesions of the breast collected from five institutions was assessed for CD44 protein expression by immunohistochemistry.
MATERIALS AND METHODS
The histopathology files of the involved institutions were searched for papillomas, intraduct papillomas, papillary carcinomas, and papillary ductal carcinomas in situ over a period of up to 12 years. All samples had been formalin fixed and routinely processed, and haematoxylin and eosin staining was performed on the 4 mm thick sections. All the slides were retrieved and the haematoxylin and eosin slides were reviewed by two of the authors. The diagnosis was confirmed. Papilloma was diagnosed when the lesion showed an intraduct proliferation of epithelial cells showing an aborising pattern with well defined fibrovascular cores, and with an identifiable myoepithelial cell layer and minimal epithelial atypia. Papillary carcinomas were further subclassified as follows. (1) Invasive papillary carcinoma was diagnosed based on the presence of clusters of tumour cells penetrating the capsules of the tumours. (2) Papillary ductal carcinoma in situ was diagnosed based on the typical morphological features of papillary configuration with well defined fibrovascular cores, and the overlying neoplastic epithelium with cellular monotony, without underlying myoepithelial cells. (3) Ductal carcinoma in situ involving a papilloma was diagnosed based on the presence of confluent epithelial proliferation with features of solid or cribriform type ductal carcinoma in situ, but traversed by occasional broad bands of fibrous tissue containing fibrovascular structures. Lesions with epithelial hyperplasia showing features typical of atypical duct hyperplasia within a papilloma, and when the atypical focus measured more than 0.3 cm, were also grouped into this category.
From each case of papillary carcinoma and papilloma, one representative section was selected for staining (CD44; H-CAM; clone F10-44-2, CD44s; 1/50 dilution; Novocastra Ltd, Newcastle upon Tyne, UK) using a modified avidin-biotin method with microwave antigen retrieval. All immunostaining was performed in one centre under the same conditions and was scored by one author. The staining of the epithelial cells was scored as strong, moderate, weak, or negative in intensity, using positive staining lymphocytes as the positive control for strong staining, when present. Only membranous staining was considered. The percentage of cells showing positive staining was also recorded. The lesion was considered positive for CD44 staining when there was moderate to strong staining in more than 10% of the epithelial cells.
The Student's t test was used for comparing patients' age, lesion size, and immunostaining profiles between the two groups. Significance was established at p , 0.05.
RESULTS
In total, 160 lesions from 160 patients were identified, comprising 101 papillomas and 59 papillary carcinomas. All patients were female, with an age range of 22 to 89 years (mean, 52).
For the papillomas, the age range was 22-89 years (mean, 48). The lesion size range was 0.1-2.2 cm (mean, 0.7). For the papillary carcinomas, the age range was 27-89 years (mean, 60). The lesion size range was 0.2-2.7 cm (mean, 1). The differences between patient age and lesion size, comparing patients with papillomas with those with papillary carcinomas, were significant (p , 0.0001).
Histological assessment of the papillomas revealed that 15 showed apocrine changes of the epithelium, 15 showed florid epithelial hyperplasia, and 10 showed sclerosis of the intervening stroma. These changes were focal within the papillomas. The cases of papillary carcinoma were divided into three groups, namely: invasive papillary carcinoma (n = 7), papillary ductal carcinoma in situ (n = 41), and ductal carcinoma in situ involving papillomas (n = 11). No lesions were found with atypical duct hyperplasia involving papillomas.
Immunostaining for CD44 was positive in 45 of the 101 papillomas (45%) and in five of the 59 papillary carcinomas (figs 1, 2; table 1). The difference in CD44 staining between these two group was significant (p , 0.0001). The various subsets of papillary carcinoma (invasive papillary carcinomas, papillary ductal carcinoma in situ, and ductal carcinoma in situ involving papillomas) showed no differences in CD44 positivity. Myoepithelial cells in the background, when present, within and surrounding the lesions in the papillomas, and surrounding the distended ducts in papillary ductal carcinoma in situ and ductal carcinoma in situ involving papillomas, showed variable, moderate positivity in most cases. There were no differences between the various groups.
Using CD44 positive staining to differentiate between papilloma and papillary carcinoma, the sensitivity was 45% and specificity was 92%, with a positive predictive value of 90% and a negative predictive value of 49%. The accuracy was 62%.
DISCUSSION
The diagnosis of carcinoma in situ within papillary lesions of the breast and the differentiation from papilloma is always fraught with difficulty. This is particularly problematical when the ductal carcinoma in situ involved is either low grade, or when it adopts a papillary configuration. In the absence of definite invasion, the morphological patterns can be similar. In the routine diagnostic investigation, immunohistochemical staining plays an important role in assisting such differentiation, utilising the fact that the cytokeratin (CK) expression spectrum is different between benign and malignant epithelium in malignant papillary lesions, [21] [22] [23] [24] [25] [26] [27] and that myoepithelial cells are under-represented in malignant lesions, as highlighted by myoepithelial markers including actin, calponin, and p63. 28 In general, immunohistochemistry to detect myoepithelial cells in problematic mammary papillary lesions has been widely used, but it has been shown that assessing the differential CK expression profiles (including CK5/6 and CK14) of the epithelial cells can also be useful. 29 CD44 has recently been reported to be useful in the assessment of papillary mammary lesions, with essentially positive epithelial staining seen in benign lesions, and negative staining in malignant lesions. 20 In the current study, we were able to confirm this result in a much larger series of papillary lesions (160 lesions compared with 21 lesions), lending weight to the observation.
The role of CD44 in tumour pathology has been the subject of many investigations, particularly in tumour differentiation and metastasis. 12 17 Multiple functions have been attributed to different isoforms arising from pre-mRNA transcript or post-translational modification. 2 Among these, the standard form CD44s lacks all variant exons and is widely expressed in lymphoid and non-lymphoid tissue, where it acts as a ''homing'' molecule. 30 In breast carcinoma, CD44s mRNA expression had been shown to be significantly associated with disease free survival and overall survival. The expression of CD44s in the mammary epithelial cells of non-neoplastic, hyperplastic, and neoplastic lesions had also been studied. CD44s immunostaining was reported to be negative in normal breast ductal epithelium, but positive in the luminal epithelial cells of benign proliferative breast lesions, including papillomas, whereas in high grade ductal carcinoma in situ CD44s staining was lost. 12 ''Our series represents the largest reported so far in the literature, constituting 101 benign and 59 malignant papillary lesions'' CD44s expression in papillary lesions in the breast has not been well documented. CD44s expression had only been assessed in a few studies, totalling only six to 12 benign papillomas.
12 18 20 The results were variable, with two series showing positive staining of the epithelial cells, with luminal accentuation, 12 20 whereas one study found no consistent staining pattern. 18 CD44s expression in papillary carcinomas, both in situ and invasive, is even less well characterised, with only one major series reporting a negative staining pattern. 20 Our series represents the largest reported so far in the literature, constituting 101 benign and 59 malignant papillary lesions.
The mechanism of action of CD44 in tumour development and progression remains uncertain. Some data suggest that CD44 is associated with epidermal growth factor receptor and erbB2 oncogene expression in metastatic breast carcinoma, 32 and that it potentiates the adherence of metastatic breast cancer cells to bone marrow endothelial cells. 33 These factors may contribute to the observed association between CD44 expression and metastatic potential. The exact role of CD44 in papillary lesions of the breast remains unknown. One interesting observation is that in addition to the papillary epithelium being positive for CD44, the myoepithelial cells within the papillomas also showed positivity. Comparing the usual negative staining for normal breast epithelium 12 with the positive staining in the papillomas suggests that the epithelial cells in papillomas show partial myoepithelial differentiation. Interestingly, a parallel observation of simultaneous expression of p63 (another established myoepithelial cell marker) in both epithelial and myoepithelial compartments of papillomas has also been reported. 28 The validity and importance of this observation remain to be elucidated. It could be that CD44s is expressed by the epithelial cells showing basal and intermediate phenotypes, such as the cells found in papillomas, but not in papillary carcinomas, the cells of which have a more luminal phenotype.
In summary, we have shown that in a large series of papillary lesions of the breast, assessment of epithelial expression of CD44s by immunohistochemistry is useful in assisting the differentiation of benign from malignant lesions. CD44s is thus a promising candidate to be added to the repertoire of markers that are useful, particularly because it assesses the epithelial phenotypic difference between the groups of papillary lesions, complementing the usual panel that assesses the presence of myoepithelial cells. Furthermore, the ability of CD44s to highlight the intralesional myoepithelial cells may further assist the differentiation of benign from malignant papillary lesions. Take home messages N The immunohistochemical assessment of epithelial expression of the standard isoform of CD44 (CD44s) was useful in assisting the differentiation of benign from malignant lesions in a large series of papillary lesions of the breast N CD44s may be useful as an adjunct in the evaluation of morphologically problematic cases of papillary lesion of the breast, particularly because it assesses the epithelial phenotypic difference between the groups of papillary lesions, complementing the usual panel that assesses the presence of myoepithelial cells N The ability of CD44s to highlight the intralesional myoepithelial cells may further assist the differentiation of benign from malignant papillary lesions bmjupdates+ bmjupdates+ is a unique and free alerting service, designed to keep you up to date with the medical literature that is truly important to your practice. bmjupdates+ will alert you to important new research and will provide you with the best new evidence concerning important advances in health care, tailored to your medical interests and time demands.
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